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and more calories. But, as we saw at the beginning, this is 
practically the amount of solar energy which each square cen- 
timeter of the Earth would intercept each year, provided the 
receiving surface was perpendicular to the sunbeam and that 
there was no atmosphere. 
November, 191 1. 



'RADIAL VELOCITIES OF 150 STARS SOUTH OF 

DECLINATION —20° DETERMINED BY THE D. O. 

MILLS EXPEDITION, PERIOD 19Q3-1906." 1 



By Edwin B. Frost. 



This is the most extensive publication of radial velocities of 
stars which has yet appeared. The three preceding parts of 
the volume, covering 74 pages, were printed in 1907. They 
contained a succinct statement as to the organization and 
history of the D. O. Mills Expedition to the southern hemi- 
sphere, by Director Campbell ; an introductory account of the 
expedition, and a valuable description of the instruments and 
methods employed, by W. H. Wright, who "had charge of the 
expedition. Altogether this volume furnishes an excellent 
example of the efficient use of a gift of private funds to an 
existing institution. It is therefore gratifying that the expe- 
dition has been continued for two additional periods, first by 
the donor, and after his death by his son. The success of the 
work far more than justifies the permanent continuance of 
this important station in the southern hemisphere, and it is 
greatly to be hoped that means will be found for maintaining 
its activity indefinitely. 

Attention should be directed to the remarkable economy in 
the telescopic equipment adopted by Professor Campbell when 
he first drew up his plans for the expedition about a dozen years 
ago. Those charged with the plans for useful astronomical 
apparatus for the new colleges in this country may profit 
greatly by a study of this simple equipment. A statement of 
the cost is illuminating : The telescope, of the Cassegrain type, 
complete, with parabolic mirror of 36 9/16 inches (92.9 cm ) 

x Publications of the Lick Observatory, Volume IX, Part IV. Discussed by 
W. H. Wright, with the assistance of H. K. Palmer and S. Albrecht, under the 
direction of W. W. Campbell. 191 i. Pages 75-347- 
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aperture, and 55.4 feet (i6.89 m ) equivalent focus, including 
the driving clock, cost about $5,500, or only about one- 
eighteenth the amount paid for the 36-inch Lick refractor. 
The whole expense of the expedition for the three years under 
consideration, including salaries, was but $26,000. 

The plan of campaign was to determine the radial velocities 
of the brighter stars south of — 20 declination having meas- 
urable lines, from not less than four spectrograms of each. A 
single spectrogram was obtained of stars having lines too 
poor for satisfactory measurement with the three-prism spec- 
trograph (which was optically quite similar to the Mills 
spectrograph of the Lick Observatory). The spectra of about 
250 stars were thus obtained during the three years in ques- 
tion, and 150 of them were kept on the working list and are 
discussed in Volume IX. 

Professor Wright's accounts of the apparatus and methods 
of reduction are brief but clear. Three different arrangements 
of the spectrograph were employed (a) A 4340 central, with a 
camera of 21 inches focus, and with a shorter camera of 16 
inches focus; (B) A 4450 central, with a longer camera, and 
titanium for comparison spectrum. Nine-tenths of the spectro- 
grams were made with the first-named arrangement. Reduc- 
tions were made by the use of a standard dispersion-curve, as 
has been the practice at Mount Hamilton. For the comparison- 
lines of iron the errors in Rowland's values were smoothed out 
by Dr. Palmer and the adopted values are given ; for the stellar 
lines corrections were deduced for Rowland's values from the 
residuals found from twenty-five spectrograms. 

The corrections thus found, chiefly by Dr. Albrecht, have 
been studied by him with respect to their change with the 
spectral type ; and different values were used for different stars 
in some instances. Professor Wright expresses his view that 
on the whole the advisability of adopting such a system is open 
to question, "since the results can be published in such a form 
as to allow a ready correction of the velocity corresponding 
to any change in the wave-lengths which a future investigator 
might desire to make." The reviewer would take the same 
view : information as to the effect of pressure in the solar and 
stellar atmospheres is being slowly collected, and it seems likely 
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that radial velocity determinations may require repeated re- 
visions (as to reduction, etc., not necessarily as to observa- 
tions). This being granted, there are advantages in using 
Rowland's tabular wave-lengths, until considerably more 
definite data for their modification is available. 

The tables of results give for each star the velocity inferred 
from each line (except for plates having k 4450 central and 
otherwise reduced). This is valuable as furnishing to the 
reader an idea of the accordance of velocities derived from dif- 
ferent lines, and of the accordance of measures of the same line 
on different plates. 

The measurements show the high degree of excellence which 
we have come to expect from knowledge of the Lick standards 
in radial velocity work. A large number of stellar lines were 
measured for stars where the lines were sharp and numerous, 
over thirty on the average. This is of decided advantage in 
furnishing data as to the characteristics of the lines, and from 
these measures interesting by-products will doubtless be 
derived. Otherwise, the use of over twenty lines, however, 
hardly increases the accuracy of the radial velocity enough to 
justify the extra labor for that purpose alone, if selected star 
lines of well-established wave-lengths are measured. 

In a column of values of velocity from thirty to forty different 
lines on a spectrogram, a range of towards io km is to be expected 
in the best modern practice. It is found here : three plates each 
of different stars of types F, G and K, selected entirely at 
random, give an average extreme range of 9.6 km from an 
average of thirty-three lines. This might at first sight seem 
large to a physicist, but when he divides it by about 70, to 
convert it into Angstrom units, he will appreciate that it is 
not so much greater than he might get in the laboratory with 
a ten-foot concave grating. Such a range does not so much 
indicate the inaccuracy of the measures as the uncertainties of 
the wave lengths with which the astrophysicist has to operate. 

Professor Wright derives from the accordance of different 
plates a probable error of ± 0.5 1 ™ for a single observation of a 
star whose spectrum contains "good and fairly numerous lines." 
As four or more plates of each star were measured, this brings 
the probable error of the adopted value in the catalogue of 
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velocities down to about one quarter of a kilometer, or less, — 
an admirable precision. Indeed, it may be questioned whether 
in the present urgent need of the velocities of great numbers 
of stars for statistical purposes and broad generalizations, it 
would be worth while to attempt to secure a smaller probable 
error by any refinements of reduction or multiplication of 
spectrograms. As better wave-lengths are furnished from the 
laboratories, and from special studies, the excellence of the 
measures will doubtless justify a new reduction, although it 
is not likely that the results will be greatly changed for stars 
of the types here considered. 

Details of a number of control measures of Mars, Venus 
and the Moon are communicated at the end of the list of stars, 
with satisfactory results. 

Of the 150 stars, forty-one were found in the course of the 
work to have variable velocities, and others were suspected and 
will doubtless be later established as such. This confirms a 
reasonable expectation that ultimately not less than one in 
every three stars will be found to vary in radial velocity. 

It would have been an interesting addition to the volume if 
space could have been spared for a "journal of observations," 
giving data as to the work of each observing night. Such a 
record of the plates secured, with exposure-times, range of 
temperature in dome and apparatus, condition of sky, etc., is 
of no little value to other observers and to those contemplating 
such work. 

Yerkes Observatory, November 14, 1911. 



PLANETARY PHENOMENA FOR JANUARY AND 
FEBRUARY, 1912. 



By Malcolm McNeill. 



PHASES OF THE MOON, PACIFIC TIME. 

Full Moon Jan. 4, 5 h 30" a.m. Full Moon ....Feb. 2, 3 h s8 m P.M. 

Last Quarter... " 10,11 43 p.m. Last Quarter .. . " 9, 4 51 p.m. 

New Moon ..." 19, 3 10 a.m. New Moon ..." 17, 9 44 p.m. 

First Quarter.. " 27, 12 51 a.m. First Quarter.. . " 25,11 27 a.m. 



The Earth passes perihelion at about 3 a. m. January 3d, 
Pacific time. 



